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Figure S1 The anchoring model (a) and TiO, anatase (101) surface (b)
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Figure S2 All of the guessed initial structures. The chemically active sites on the surface of anatase (1 0 1) are the
unsaturated and pairwise arranged acidic cation (Tis. atoms) and basic anion sites (O,. atoms). There are two
possibilities to classify hydroxamate anchor adsorbed on the TiO, surface. The first one counts the number of
covalent bonds between the adsorbate and the metal atoms of the surface. This can be either monodentate (M) or
bidentate (B) modes. The second one describes the chemistry property of the adsorbate in the adsorption process.
This can be either molecular (non-dissociative) or dissociative. In the molecular adsorption process, the
hydroxamate anchor is adsorbed on the surface without dissociating. In the dissociative adsorption, the
hydroxamate anchor dissociates into the hydroxamate anion and one or two surface bound protons, since both the
protons of N-H and O-H in the hydroxamate anchor can be dissociated. It is worth of noticing that the dissociated
proton can occupy four different bridging oxygen sites. However, as suggested by Nilsing et al.,'”? the choice of
where to place the proton did not affect the stability very much, although the geometry is slightly changed during
relaxation, and the proton prefers to bind to an under-coordinated surface O,, atom. Configuration B4 is converted
to M3 during the optimization process.

B1 B2






M1 M2



Figure S3 Evolution of anchoring bond lengths in configuration M3
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Figure S4. The experimental IR spectrum for acetohydroxamate (a) and calculated IR spectra for

configuration B1 (b) and free anchor model (c)
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Fig. S5 Comparison of the EH and Kohn-Sham orbital gained from EH and DFT/B3LYP methods

Fig. S6 Snapshots of the time-dependent charge distribution for B1
- 53 fs
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Table S1. The calculated and experimental wavenumber for the free and adsorbed models.

Adsorbed Free

Cal.  Exp. Assign. Cal. Exp. Assign.

823 0(0,-H) 852 — o(C-H)

1034 1003 V(N-O) 926 993 v(C-C)+ o(N-H)+0(O-H)

1153 1100 v(C-C) +4(C-H)y+ w(C=0)+ 1048 1092 v(N-O)+v(C-C)+ o(N-H)+o(O-
v(N-O) H)

— — — 1174 — W(C-C)+ v(N-H)

1355 1342 v(C=0)+v(C-C) + 6(C-H) — — —

— 1391 — — 1378 —

1452 1442 W(C=N)+ 6(C-H) 1425 1450 J6(N-H)+0(O-H)+v(C-C)

1506 1539 W(C=N)+ 6(C-H) 1576 1544 J6(N-H)+ 6(O-H)

1651 1611 Jo(C-H) 1745 1638 v(C=0)+o(N-H)+ 6(O-H)

Extended-Hiickel (EH) method

The semiempirical Extended-Hiickel (EH) method requires a small number of transferable
parameters (1-9 parameters per atom), providing an excellent cost-benefit option for the accurate
description of energy bands, chemical bonding, and quantum dynamic processes in very large
extended systems. The EH tight-binding Hamiltonian has been extensively applied in studies of
molecular and periodic systems, including several studies of sensitized TiO, surfaces.’-!! The EH
Hamiltonian is computed on the basis of the multi-C Slater-type orbitals (STO) for the radial part
of the atomic orbital (AO) wave functions, with the 4s, 4p, and 3d atomic orbitals of Ti*" ions, the
2s and 2p atomic orbitals of O ions, the 2s and 2p atomic orbitals of C atoms, and the 1s atomic

orbitals of H atoms. Having defined the atomic orbitals, the overlap and the Hamiltonian matrix

S, = (9,

elements can be computed, respectively, as “ii ®j> and Hy=KSy(Hy+Hi)/2 e
diagonal elements Hy correspond approximately to the valence-state ionization potential of the

atomic species. In order to improve the accuracy of the EH method, a set of optimized Hiickel

parameters is used.



The Coulomb interaction between the photoexcited electron and hole pair
The Hamiltonian term Heh accounts for the Coulomb interaction between the photoexcited
electron and hole pair. According to the formalism, both wavepackets are written as a linear

\Pel> _ Zi Aiel

{Il>} and {lk>} spanning the atomic orbitals of the entire system. To account for the quantum

combination of Slater-type atomic orbitals,

iyand |P")=3" 4|k}, with

dynamics of the wavepackets, A% and A" are complex coefficients that depend on the time (not

explicitly represented for clarity sake). The Coulomb energy of the electron—hole pair can be

written as:
E, =y 4 473 A A (k)00 (1)
i.J 5
Where <i NN > are multicenter (2, 3, and 4) Coulomb integrals over Slater-type orbitals:
ur r r ur 2 ur r
(kY o1y = [ dr [ dra, () 20O ) e 2, () @)
r—r

The Coulomb integrals, eq 2, are calculated by an efficient numerical algorithm adapted from the
SMILES program for integrals with Slater-type orbitals. In our calculations, only the two-center
Coulomb integrals are taken into account, because the threeand four-center integrals involving the
electron—hole pair are much smaller and can be disregarded. The matrix elements for the electron
wavepacket Hamiltonian, due to its interaction with the hole, are written as:

1,j)

V

coul

I/;l — _A;‘EIA;IZA:MA:I <l,k
k,l
3)

I/coul

I/coul

=AY |A (k[P 1)+ 25 R A4 411,k |1 )]
k k>l

and likewise for the hole wavepacket:



VI =g 4" ; A A (k|0 )
L * 4)
= _Ai*hlAj}'ll[z ‘Alfl <l’ k choul l’ J> + 22 sJ{e[‘Akhl‘Aljl ] <l9 k I/coul l’ ]>]
k k>l

If only the two-center Coulomb integrals are taken into account, A% and A" are block diagonal

matrices. During the excitonic dissociation and interfacial electron transfer, the electron
wavepacket evolves under the influence of the Coulomb potential produced by the evolving hole
and vice versa. The electron—hole coupling is described within the timedependent Hartree
approximation. Exchange interaction effects are negligible because the wavepackets describe
independent particles in this framework.

The procedure for quantum propagation of the photo-excited electron

The photo-excited electron is assumed to be initially localized in the adsorbate LUMO, and the

time-evolved wave function |®i) can be written as a liner combination of atomic orbitals:

19(0) = Y B, (0lia)
E 5)

Where |L.@) represents the atomic orbital @ of atom i. The expansion coefficients Bi.a(t),

introduced in eq 5, are computed according to:

Bo() = Y Q1 C exp( - B t) h B
q

after solving the generalized eigenvalue equation,

HQ=E SQ" ™
Where H is the EH matrix and S is the overlap matrix in the atomic orbital basis. The coefficients
C,, introduced in eq 6, are defined by the expansion of the initial state in the orthonormal basis set

of eigenvectors 19),

8(0) = Y C la)
7 ®)

. a . . .
The coefficients wa, introduced in eq 6, are defined according to the expansion of the



eigenvectors |9) as a linear combination of atomic orbitals,
)= ) Qklia)
i ©)
The projection of the time-evolved electronic wave function onto the atomic orbitals of the

molecular adsorbate is, therefore, obtained according to the equation,

MOL

Z Z Bi,*a(t)Bj,ﬁ(t)Sozjﬁ

La if

P(t) =

(10)

i’j T .
HereSap = {balip >, where the indices @ and B label specific orbitals in atoms 7 and j, respectively.

Note that the sum over j includes all of the atoms in the nanostructure, whereas the sum over i

includes only atoms in the initially excited molecular adsorbate.
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